States, Canada and Britain, E coli resistance to ciprofloxacin increased from 1% in the mid-1990s to 2% to 7% from 2001 to 2004 (9, (11) (12) (13) 23, 24) . In our hospital, we observed an increase in the incidence of UTI caused by ciprofloxacingentamicin-resistant E coli (CiGREC). This may have implications for the empirical management of patients with urinary tract infections, especially pyelonephritis, pending results of susceptibility testing. To delineate risk factors for, and outcomes of, CiGREC UTI, we performed a case control retrospective study.
METHODS

Setting and laboratory assays
The Centre Hospitalier Universitaire de Sherbrooke (CHUS), Hôpital Fleurimont, is a 400-bed hospital in the Estrie region of Quebec, whose laboratory processes annually approximately 16,000 urine specimens. CHUS provides all microbiological assays for residents of Sherbrooke, while sharing the workload with smaller hospitals for patients living outside Sherbrooke. The evolution of resistance to antimicrobials among all urine isolates of E coli obtained from January 2001 to December 2007 was reviewed. Urine specimens had been inoculated using calibrated loops on Columbia 5% sheep blood and MacConkey agars, and incubated for 18 h to 24 h before quantitative reading. After identification of E coli (umbilicated lactose-positive colony with positive indole reaction; if nonumbilicated, the API 20E strip was used), susceptibility tests were performed using agar dilution as per the routine procedures of the laboratory at the time. Resistance to gentamicin was defined as a minimum inhibitory concentration (MIC) 8 mg/L or greater and resistance to ciprofloxacin as MIC 4 mg/L or greater. Resistance to other antibiotics was determined using Clinical and Laboratory Standards Institute criteria except for ceftazidime and ceftriaxone, for which European (and upcoming Clinical and Laboratory Standards Institute) breakpoints were used (25, 26) . Phenotypic detection of extended-spectrum beta-lactamase (ESBL) was sought on isolates with MIC 2 mg/L or greater against ceftriaxone and/or ceftazidime, based on cefoxitin susceptibility and an increase of 5 mm or more in inhibition zone around cefotaxime or ceftazidime disks after adding clavulanate. Repetitive specimens showing the same organism with same antibiotic susceptibility in the same patient during a given calendar month were eliminated (27) .
Selection of cases and controls
Isolates with resistance to both ciprofloxacin and gentamicin (CiGREC) were used to define cases. For each case, two controls were selected among all patients with a positive urinary culture for E coli showing any other susceptibility pattern to ciprofloxacin and gentamicin (sensitive to both, or resistant to only one), by systematically taking the isolates closest to the case's culture specimen, based on the specimen number. Cases and controls needed to have a bacterial count greater than 10 7 colony forming units/L. Controls were unmatched to ensure determination of age-and sex-associated risk factors. Only inpatients, or outpatients seen by a CHUS physician when the UTI was documented were included, so that clinical data were recorded. Any patient could be included only once during any one-year period.
Data collection and definitions
Medical records were reviewed to collect sociodemographic, clinical, diagnostic and therapeutic data, after obtaining authorization from the direction of professional services (institutional procedure for retrospective chart reviews). Patients were considered to have only asymptomatic bacteriuria if no pyuria was documented and no symptoms recorded. Those with pyuria and/or urinary symptoms were considered to have pyelonephritis if their temperature reached 38.0°C at least once within 24 h of the positive urine culture, while those who remained afebrile were considered to have cystitis. Discharge diagnoses of current and previous admissions were used to calculate the Charlson score (28), reflecting the burden of 19 chronic comorbidities. Information concerning use of antibiotics within one year was extracted from outpatient notes, admission notes and the computerized records. Infection was considered nosocomial if acquired 48 h or longer after hospitalization, if the patient had been discharged within 14 days or transferred from another hospital. It was considered health care-associated in the presence of: hospitalization during the previous year; residence in a long-term care facility; permanent intravenous or urinary catheter; or dialysis or cancer chemotherapy within one year. All others were considered community-acquired. Patients were considered to present a urological risk factor if they had cystoscopy in the previous month, permanent urinary catheter, urolithiasis, prostate hyperplasia, prostate or bladder cancer, double-J catheter, ileal bladder, nephrostomy, vesicoureteral reflux, neurogenic bladder, urinary catheter during the hospital stay or other urinary system anomalies.
Outcomes included treatment with appropriate antibiotics; admission into the intensive care unit within 48 h of the first positive urinary culture; septic shock (administration of vasopressors within the same interval); relapses; and all-cause mortality within 30 days. Relapses were defined as a urine culture with the same pathogen (greater than 10 7 colony-forming units/L) and same susceptibility pattern, within 60 days (here, patients with asymptomatic bacteriuria, those with cystitis or pyelonephritis for whom no documentation of their initial treatment could be found, as well as patients who died before the end of this interval, were excluded). Susceptibility patterns between isolates of cases and controls were compared.
Data analysis
Data were analysed with Stata 8.0 (StataCorp LP, USA). Proportions were compared using the c 2 test or Fisher's test. Unconditional logistic regression was used for multivariate analysis. Models were built up sequentially, starting with the variable most strongly associated with the outcome and continuing until no other variable reached significance. Then, each variable was dropped in turn to assess its effect. Different models were compared with the likelihood ratio test, keeping variables significant at the P≤0.05 level. Table 1 The control group included 186 subjects, four of which were infected with an E coli that was resistant to ciprofloxacin but susceptible to gentamicin, and one with a strain resistant to gentamicin but susceptible to ciprofloxacin. Table 2 compares the frequency of resistance to antibiotics between cases and controls. CiGREC strains were often resistant to TMP-SMX, ampicillin and cefazolin, but rarely resistant to third-generation cephalosporins. In only one case (and no control), the E coli isolate was an ESBL producer. Only three (3%) CiGREC isolates were susceptible to tobramycin, but only three (3%) were resistant to amikacin. Of fifty-nine CiGREC isolates tested against nitrofurantoin, 55 (93%) were susceptible.
RESULTS
Compared with controls, cases were older, more likely to be male, to reside outside Sherbrooke, to live in a nursing home, have a high Charlson score, present a urological risk factor, have acquired their infection in a health care setting, or have received a FQ, an aminoglycoside or metronidazole during the past month (Table 3 ). Cases and controls did not differ for the frequency of a past UTI within the previous month or year (data not shown). For antibiotics received one to 12 months before diagnosis, only FQ were received more frequently by cases. Cases and controls did not differ for recent (30 days) or distant (one to 12 months) exposure to TMP-SMX, ampicillin, beta-lactam/beta-lactamase inhibitors, cephalosporins, carbapenems, vancomycin, clindamycin or macrolides (data not shown). Among the 59 CIGREC cases given a FQ in the previous year, the most common indications had been another UTI (51%), pulmonary infection (19%), UTI or surgical prophylaxis (11%).
In multivariate analysis (Table 4) , independent risk factors for CiGREC infection were older age, male sex, domicile outside Sherbrooke, living in a nursing home, urological risk factor, recent or distant intake of a FQ and recent intake of an aminoglycoside. Charlson score, hospital-acquisition and exposure to other antibiotics became nonsignificant. The association between CiGREC infection and recent intake of an aminoglycoside was seen essentially among patients unexposed to a FQ during the same period (data not shown).
Symptomatic UTI, E coli bacteremia, septic shock or death within 30 days was more common among cases (Table 5) . However, these associations became nonsignificant after adjustment for age and/or Charlson score (for the association between being a case and mortality, crude OR 5.23; 95% CI 1.00 to 27.47, P=0.05; after adjustment for age and Charlson score, AOR 1.97; 95% CI 0.33 to 11.64, P=0.46). Among patients with cystitis or pyelonephritis, the treatment as outpatients was not documented in nine cases and 18 controls. Among patients for whom a treatment was recorded, cases were less likely to receive an effective empirical antibiotic treatment within 48 h of diagnosis and, more surprisingly, less likely to receive an effective antibiotic at all. Cases were more likely than controls to relapse within two months, an association that remained highly significant after adjusting for age, Charlson score and receipt of an effective antimicrobial (AOR 6.56; 95% CI 1.98 to 21.73, P=0.002). Unexpectedly, cases who received an ineffective treatment were not more likely to relapse (four of 17 [24%]) than those given an active drug (10 of 53 [19%], P=0.73), but power to detect a difference was limited by the small number of patients in the former group. The frequency of relapse was the same among cases with cystitis (seven of 37 [19%] ) and those with pyelonephritis (seven of 33 [21%]) (P=0.95). 
Site of acquisition, n (%)
Community-acquired 20 (22) 86 (46) Table 5 Clinical characteristics, treatment and outcomes of cases with ciprofloxacin-gentamicin-resistant Esherichia coli urinary tract infections and controls infected with other strains of E coli between CiGREC and mortality lost significance after adjustment. However, in patients with sepsis caused by E coli, the case-fatality ratio increases in parallel with the number of antibiotics to which the organism is resistant (29) . We demonstrated a strong association between CiGREC UTI and exposure to FQ or aminoglycosides. While receiving a FQ within the previous month or year was associated with CiGREC, the precipitating role of aminoglycosides seemed limited to their use within the previous month in patients unexposed to FQ. Presumably, these antimicrobials provided a selective advantage to CiGREC over antibiotic-susceptible E coli strains within the gastrointestinal tract, from where it ascended into the urinary tract, a process facilitated by the presence of a urological risk factor. A similar association between FQ intake and quinolone-resistant E coli was documented in Spanish patients with bacteremia (20) . At the aggregate level, associations between increasing use of FQ and ciprofloxacin-resistant E coli have been reported (8, 10) .
Living in a nursing home was an independent risk factor for CiGREC infection, whether the patients resided in Sherbrooke, outside Sherbrooke or outside our region, indicating horizontal transmission of CiGREC in a variety of settings. The Quebec registry of nursing homes (used to define this variable) includes long-term care facilities with heavy nursing support, and private nursing homes, small or large, with variable degrees of support and contacts among residents. The association between CiGREC and residence outside Sherbrooke might reflect residual confounding (exposure to FQ or aminoglycosides might have been underestimated in such patients) or a selection bias (out-of-town patients with CiGREC being more likely to be seen at CHUS than those with antibiotic-susceptible infections). The association with male sex could reflect the lower propensity of men to develop UTIs such that antimicrobial resistance becomes more relevant in the pathogenesis, while in women CiGREC is diluted by the many other E coli strains that easily cause UTIs.
Resistance of E coli to FQ and gentamicin are often correlated (13, 30) . In Europe, 29% of ciprofloxacin-resistant isolates were gentamicin-resistant, compared with 0.3% for the ciprofloxacin-susceptible (14) . Similarly, in our hospital, among all E coli urine isolates recovered between 2001 and 2007, 29% of ciprofloxacin-resistant isolates were resistant to gentamicin, versus 1% of ciprofloxacin-susceptible isolates, a correlation higher than what would be expected from the commonality of risk factors (exposure to both antibiotics). Robicsek et al (31) reported reduced susceptibility to ciprofloxacin conferred by a variant of the gene encoding aminoglycoside acetyltransferase AAC(6′)-Ib, a single-function resistance enzyme that crossed class boundaries. Whether coresistance to ciprofloxacin and gentamicin among our isolates was caused by this mutation seems unlikely given that it is associated with low-level resistance to ciprofloxacin, in contrast with our strains. Thus, the coincidence of other determinants of resistance seems more plausible (30, 32) . Given that most CiGREC strains were sensitive to amikacin, it is likely that the aminoglycoside resistance is plasmidic and related to an inactivating enzyme. Although probably underestimated by the use of a phenotypic detection method, ESBL-producing E coli remained very uncommon among our consecutive urine isolates as in an earlier panCanadian study of unselected isolates (33) .
The emergence of CiGREC has implications for the empirical management of patients with UTIs in our centre. Patients with severe sepsis or shock, with urinary tract obstruction or comorbidities that could be adversely impacted by the infectious process (for instance, ischemic heart disease) need to receive at least one drug active against CiGREC (a carbapenem, piperacillin-tazobactam or ceftazidime), pending susceptibility data. For less severe cases, one of these drugs may be used for patients with confirmed exposure to FQ (past year) or aminoglycosides (past month) and those living in a nursing home, among which the probability of being infected with CiGREC is higher. After initial intravenous treatment, cefixime is often the only microbiologically adequate oral treatment for patients with confirmed CiGREC pyelonephritis, while nitrofurantoin can also be considered for those with cystitis. The effectiveness of this approach will need to be verified in clinical trials. The high urine concentrations of other antimicrobial agents may to some extent compensate for their in vitro resistance.
Our study had several limitations. The measure of past exposure to antibiotics was incomplete when ordered outside our hospital. Its retrospective nature made it sometimes difficult to ascertain the presence of symptoms. The low mortality precluded a meaningful multivariate analysis in which the effect of antibiotic resistance and inadequate treatment could be disentangled from confounding factors such as age and comorbidities. The study was limited to a single hospital, and whether our findings can be extrapolated to other centres remains to be determined because for many pathogens, including E coli, there are substantial geographic variations in prevalence of resistance to antimicrobial agents.
Given the progressive increase in the proportion of UTIs caused by CiGREC, and the higher frequency of adverse outcomes and relapses among such patients, it may be necessary in the future to avoid selecting as empirical therapy an antibiotic to which the patient has been recently exposed, as recently proposed for patients with community-acquired pneumonia (34) .
